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Objectives. An ex-vivo model for the experimental evaluation of endoluminal thermal procedures for occlusion of saphe-
nous veins was developed. Radiofrequency obliteration (RFO) and endovenous laser therapy (ELT) were compared using
this model.
Design. Experimental ex-vivo treatment study.
Materials and Methods. The model consists of the subcutaneous foot veins from freshly slaughtered cows which were
reperfused in situ with heparinised bovine blood. The veins were treated with either radiofrequency (RFO n¼ 5) or
with endoluminal 980 nm laser light (ELT n¼ 5) using a continuous pull-back for RFO and a stepwise illumination
and pull-back protocol for ELT. Immediately after treatment perivenous tissue and veins were examined macroscopically.
In a second study the same treatment parameters were used in four further vein segments with RFO (n¼ 2) and ELT
(n¼ 2). These vein segments were examined microscopically in HE-stained histological sections.
Results. Induration of the vessel wall and contraction of the vessel lumen were observed after RFO. Laser treatment pro-
duced carbonised lesions of the vein wall. After 12e24 laser exposures these lesions often became transmural, causing com-
plete perforation of the vessel wall.
Histological evaluation after radiofrequency treatment demonstrated homogenous circular thermal tissue alteration with
disintegration of intima and media structures. Histological evaluation after endovenous laser treatment showed large var-
iations of thermal tissue effects. Tissue effects ranged from major tissue ablation and vessel wall disruption to minor effects
located between laser exposures and on the opposite vessel wall.
Conclusions. Our model is suitable for systematic scientific evaluation of endovenous thermal occlusion procedures. Our
first results and theoretical considerations indicate that endovenous laser treatment should be modified in order to ensure
controlled homogenous circular thermal damage, avoiding vessel wall perforation and damage to perivascular structures.
Keywords: Varicose veins; Catheter ablation; Laser coagulation; Radiofrequency; Animal model.Introduction
Endoluminal thermal ablation procedures to treat in-
competent saphenous veins are accepted alternatives
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the radiofrequency obliteration procedure (RFO)1e3
and endovenous laser therapy (ELT)4e7 have been de-
scribed previously. The aim of endoluminal thermal
ablation procedures is to produce a predetermined
amount of tissue damage to the vessel wall, resulting
in an irreversible occlusion of the saphenous vein.
Clinical series and controlled trials report efficacy
of RFO8e13 and ELT.14e17 However complications
such as thrombophlebitis, ecchymosis, haematoma,
paraesthesia, pain, skin burn, failure to occlude,rved.
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femoral vein have been reported after both procedures.
RFO is a standardised procedure based on the temper-
ature recorded at the catheter tip. Several treatment
modifications havebeenpublished forELTusingdiffer-
ent laser wave lengths, energy levels and stepwise or
continuous pull back protocols. No controlled clinical
trial has been published comparing radiofrequency
and laser procedures. Reviews and retrospective com-
parison of historical series after RFO and ELT indicate
an increased incidence of ecchymosis, phlebitis and
pain in the treatedvein after ELT.18,19 First experimental
studies show a risk of vein wall perforation in ELT,
whichmight be a result of carbonisation and significant
heating of the fibre tip.6,20 Limited data is available on
systematic experimental evaluation of RFO and ELT.
The purpose of this study was to develop a model to
allow standardised experimental evaluation and com-
parison of endovenous thermal occlusion procedures.
Materials and Methods
The anatomy of bovine hind feet was found to be
a suitable model for simulating the subcutaneous
veins in human lower limbs. A constant subcutaneous
vein of 20e25 cm in length and 3.8e5.1 mm in diam-
eter is present (V. saphena lateralis and V. digitalis
dorsalis communis III). This is large enough to allow
for introduction of the sheath systems currently inclinical use for radiofrequency obliteration (RFO)
and endovenous laser therapy (ELT) (Fig. 1). We ob-
tained our material for the model from freshly slaugh-
tered cows (18e24 months of age, weight 550e650 kg,
left hind limb). After exsanguination at the slaughter-
house the veins were reperfused with heparinised bo-
vine blood. We established this model in several pilot
studies which confirmed the constant anatomy of sa-
phenous veins and collaterals in the left hind foot.
Diameter measurements were made using ultrasound
imaging and treatments with RFO and ELT were per-
formed before and after dissection of overlaying skin
flap. We assessed the effect of perivenous tumescent
anaesthesia and used the model with and without re-
perfusion of heparinised blood. RFO and ELT were
performed by pulling back the treatment probes
from proximal to distal end of the vein simulating
the treatment of a human saphenous vein.
Series 1 e Macroscopic investigation
In the first series of ten experiments the vein was re-
perfused with heparinised bovine blood at room tem-
perature. Veins were subsequently treated with RFO
(n¼ 5) and ELT (n¼ 5) from the proximal end (joint)
to the distal end (hoof) for a mean distance of
23 cm, according to treatment parameters used in clin-
ical practice leaving the vein and overlaying skin in
situ without perivascular tumescence.proximal distal
~ 23cm
skin flap
V. saphena lateralis V. digitalis dosalis communis III
6 F 
sheath
Fig. 1. Diagram of ex-vivo cow’s foot model (left hind foot). The foot constantly has a subcutaneous vein (V. saphena lat-
eralis e V. digitalis dorsalis communis III) which can be canulated with endovenous treatment devices used in clinical prac-
tice via 6 French (radiofrequency obliteration e RFO) or 5 French sheath systems (endovenous laser therapy e ELT). Mean
length of treatable vein is 23 cm. Mean diameter of the vein is 5.1 mm proximal and 3.8 mm distal. RFO and ELT are per-
formed by pulling back the treatment probes from proximal to distal end simulating the endoluminal treatment of a human
saphenous vein.Eur J Vasc Endovasc Surg Vol 32, September 2006
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Technologies, San Jose, USA) was used for RFO. Af-
ter introduction of the 6 French catheter consisting of
four lateral electrodes and one central electrode the
system was continuously pulled back at a mean ve-
locity of 3 cm/min. The system includes measure-
ment of tissue impedance and temperature at the
catheter. In parallel to our clinical practice we set
a temperature of 85 C. This temperature feed-back
mechanism ensures that the generator automatically
monitors the application of energy at a level between
0 and 6 Watts.
ELT was performed using a diode laser (CERA-
LAS D15 ELVeS, CeramOptec GmbH, Bonn, Ger-
many) emitting light of the wavelength 980 nm
which is transported via a 600 mm bare tipped optical
fibre to the treatment area via a 5 French sheath. The
laser energy was applied by interval illumination
with 7 Watt for duration of 1.5 sec resulting in
10.5 Joule per each exposure. Stepwise pull back of
the laser fibre was used together with the sheath sys-
tem laser illumination. Laser exposures were made
3 mm apart. With respect to the vein length and
vein diameter, a mean energy delivery of
35.7 Joule/cm (vein length) and a mean laser fluence
of 22.7 Joule/cm2 (inner vein surface) was calculated.
For each treatment a new polished bare fibre was
used.
The results of treatments were evaluated macro-
scopically. Immediately after treatment the probe tips
and treated veins were examined by dissection of the
skin and underlying perivenous tissue structures
with stepwise photographic documentation. Finally
the veins were opened longitudinally to inspect the
endoluminal effects.Eur J Vasc Endovasc Surg Vol 32, September 2006Series 2 e Microscopic investigation
In a second series 4 further vein segments were
treated with RFO (n¼ 2) and ELT (n¼ 2) over a length
of 50 mm after removing overlying skin and subcuta-
neous tissue. Perivenous tumescence was not used.
The treatment parameters were the same as in Series
1. In contrast to first experiments these veins were
not opened longitudinally but prepared for micro-
scopic investigation by perfusion fixation with formal-
dehyde 4%. A total of 10 haematoxilin-eosin stained
histological cross sections of treated vein segments
were obtained at 5 mm intervals along the veins.
Results
Our model enabled us to complete the treatment of all
study veins under predefined conditions without
technical failure.
Series 1 e Macroscopic investigation
Electrodes of radiofrequency catheters and laser fibre
tips both showed various degrees of carbonised mate-
rial deposits after treatment. Veins treated by radiofre-
quency obliteration (RFO) showed no macroscopic
evidence of thermal damage in the surrounding tissue
layers. The vessel itself showed a induration and
thickening of the vein wall and contraction of vessel
lumen, but in none was there complete occlusion.
After longitudinal opening of the study vein a whitish
discoloration of the endothelium was present. As
shown in Fig. 2a and b there was no macroscopicFig. 2. (a) View on a subcutaneous vein in the ex-vivo cow’s foot model after endovenous radiofrequency treatment and
dissection of overlaying skin and perivenous tissue. No significant macroscopic thermal lesions are visible. Slight indura-
tion and thickening of the vein wall is palpable. (b) Longitudinally opened subcutaneous cow’s foot vein (V. digitalis dor-
salis communis III) in-situ after endovenous radiofrequency treatment. Whitish discoloration of endothelium is visible.
Induration and thickening of the vein wall, no complete occlusion of the lumen.
321Investigation on Radiofrequency and Laser EffectsFig. 3. (a) View on a subcutaneous vein in the ex-vivo cow’s foot model after endovenous laser treatment and dissection of
overlaying skin and perivenous tissue. Perivenous hematoma, transmural thermal lesions with carbonization and complete
vessel wall perforation are visible. (b) Longitudinally opened subcutaneous cow’s foot vein (V. digitalis dorsalis communis
III) in-situ after endovenous laser treatment. Transmural carbonized lesions and perforations of the dorsal vessel wall are
visible.evidence of any transmural lesion in the treated vein
segment.
After endovenous laser treatment (ELT), macro-
scopic examination showed collections of blood in
the perivascular tissues and transmural thermal le-
sions with complete vein wall perforations (Fig. 3a).
After longitudinal opening of treated veins carbon-
ised lesions of the vein wall were visible, increasing
from the proximal start of the treatment toward the
distal end (Fig. 3b). After 12e24 laser illuminations
corresponding to 3.6e7.2 cm of vein length these le-
sions regularly became transmural, causing complete
perforation of the vein wall.
Series 2 e Microscopic investigation
An untreated bovine foot vein is shown in Fig. 4. All
histological cross sections of subcutaneous study
veins after radiofrequency treatment (RFO) showed
circular disintegration of the intima cell layer. In histo-
logical sections, homogeneous cylindrically affected
medial lesions with disintegration and intercellular
splits and gaps were visible. Fig. 5a and b show rep-
resentative histological cross sections of study veins
after RFO. No transmural thermal lesions or vessel
perforations were seen in any investigated cross sec-
tion after RFO.
Histological sections of study veins after endolumi-
nal laser treatment (ELT) demonstrated localised ther-
mal damage of vessel wall structures in the area of
direct laser exposure. Due to the stepwise illumina-
tion and pull-back protocol the extent to which the
thermal lesion affected the circumference and thepenetration in vessel wall layers showed large varia-
tions between different cross sections. Thermal lesions
are mostly localised in the area of laser exposure
showing carbonisation and tissue ablation craters af-
fecting the intima, media and adventitia in variable
amounts up to total vessel wall disruption and com-
plete perforation. The HE-stained cross section shown
Fig. 4. Hematoxilin-eosin stained histologic cross section of
a native subcutaneous cow’s foot vein (V. saphena lateralis,
left hind limb). The three vessel wall layers intima [I], media
[M] and adventitia [A] can be distinguished.Eur J Vasc Endovasc Surg Vol 32, September 2006
322 C.-G. Schmedt et al.Fig. 5. (a) Hematoxilin-eosin stained histologic cross section of subcutaneous cow’s foot vein (V. saphena lateralis) with
valve structures after endovenous radiofrequency treatment shows circular disintegration of the endothelial (intima) cell
layer with lift off of lamina elastica interna and destruction of valve stroma. The media shows circular swelling and multiple
splits and gaps. Cell nuclei show a corkscrew deformation. The border between media and adventitia is less sharp com-
pared to control vein (Fig. 4.). No transmural lesions or vessel perforations are visible. (b) Hematoxilin-eosin stained histo-
logic cross section of subcutaneous cow’s foot vein (V. digitalis dorsalis communis III) after endovenous radiofrequency
treatment. Findings are similar to Fig. 5a. with circular destruction of the endothelial cell layer (intima) and circular uniform
disintegration of media with intercellular splits and gaps. No vessel perforation.in Fig. 6a demonstrates minor localised tissue ablation
after ELTwithout any significant circumferential ther-
mal changes of the vessel wall structures. Fig. 6b rep-
resents a major thermal lesion with carbonisation,
total vessel wall disruption and additional destruction
of perivascular structures.Eur J Vasc Endovasc Surg Vol 32, September 2006A longitudinal histological section after ELT dem-
onstrates localised thermal tissue ablation and carbon-
isation in the area of two laser exposures (Fig. 7). The
tissue between two illumination spots and contralat-
eral wall structures show only limited or no thermal
alteration.Fig. 6. (a) Hematoxilin-eosin stained histologic cross section of subcutaneous cow’s foot vein (V. saphena lateralis) after en-
dovenous laser treatment shows circular disintegration of the endothelial cell layer (intima) with a marked (arrow) localized
cell ablation and carbonization of media in the area of direct laser impact. Here also the adventitia shows a certain distinte-
gration and swelling. In this area border between media and adventitia is less sharp than on contralateral side. Apart of this
area only minor thermal changes are seen in media and adventitia. (b) Hematoxilin-eosin stained histologic cross section of
subcutaneous cow’s foot vein (V. digitalis dorsalis communis III) after endovenous laser treatment shows a transmural tis-
sue ablation with total wall perforation and carbonization in the area of direct laser impact. Also perivascular structures
seem to be affected in this area. Near this localized maximum of thermal tissue alteration the media shows a significant
swelling and disintegration with semicircular splits and gaps.
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Endovenous ablation using radiofrequency energy
in vivo causes acute tissue damage but also induces re-
structuring and repair processes with collagen remod-
elling and proliferation of fibroblasts leading to
complete occlusion of the vessel.3 The use of endove-
nous laser energy might be expected to achieve similar
effects. Long-term tissue changes like these can be clin-
ically investigated by duplex ultrasonography sono-
graphy.21 Histological evidence of the progress of
treated veins is only possible by obtaining specimens
through surgical biopsy. We currently plan to use
a sheep model for these experiments. These animals
have saphenous veins of sufficient diameter to be
canulated for endovenous radiofrequency (RFO) or
laser (ELT) treatment. During follow-up vein segments
could be obtained at defined time intervals by minor
surgery. Our ex-vivo bovine model allows acute tissue
alterations to be investigatedwith few limitations. Uni-
formity of the specimens ensures standardised experi-
mental conditions. These veins can be reperfused
in-situwith a range of fluids (e.g. normal saline, blood),
the intraluminal fluid flow and endoluminal pressure
can be measured and adjusted. Temperature measure-
ments could be made during treatment, if required.
Subcutaneous perivascular injection of saline is possi-
ble to simulate perivascular tumescent anaesthesia
Fig. 7. Longitudinal HE stained cross section of a subcutane-
ous cow’s foot vein (V. saphena lateralis) after endoluminal
laser treatment showing the distance between two separate
laser light applications according to stepwise pullback pro-
tocol. In areas of direct laser impact localized tissue ablation
and carbonization of intima and media is present. The sur-
rounding media structures show swelling and disintegra-
tion with splits and gaps. Media between the two energy
focuses show only minor changes. Vessel wall structures
of the contralateral side do not show significant thermal
alterations.which is recommended for clinical endovenous treat-
ment. The impact of perivascular pressure and tumes-
cence which may influence the tissue effects of
endovenous procedures are the topic of a further
investigation.
Extrapolation of findings from our work to the ex-
pected long-term tissue effects of clinical endovenous
treatment cannot be necessarily be made. Compared
to an incompetent human saphenous vein, the vein
in the foot of a cow is smaller in diameter, therefore
energy applied during ELT was reduced according
to recommendations of the laser system manufacturer
for treatment of thin saphenous veins.
The complete destruction of vessel wall structures
and perforations after ELT have been also observed
by other authors in their in-vivo20 and ex-vivo6 exper-
iments. ELT results in significant heating of the fibre
tip. This is probably caused by absorption of laser
light in carbonised blood or tissue, accumulating at
the fibre tip even after few laser exposures in a blood
filled vessel. The tissue effects are achieved not only
by direct absorption of the laser light, but by convec-
tion of heat energy from the fibre tip into the sur-
rounding tissue. Pronounced damage to tissue with
complete wall perforation may occur especially at
the point of direct contact between fibre tip and vessel
wall. Progression of carbonisation at the bare fibre tip
during ELT with consecutive laser light absorption
and increasing heating of the fibre tip may explain
the finding of increasing thermal lesions during ELT.
Initially we observed localised tissue ablation but
after 12e24 laser exposures with the same fibre total
wall disruption and vein wall perforation was found.
The bare fibre tip does not allow for circumferen-
tial, homogenously distributed light exposure. A lon-
gitudinal histological cross section after ELT of
a subcutaneous vein in our model demonstrates the
localised thermal tissue ablation and carbonisation
in the area of direct thermal damage (Fig. 7). Vessel
wall structures between two illumination spots and
contralateral wall structures show only limited or no
thermal alteration.
Repeated vessel perforations and localised semicir-
cular tissue alteration have several clinical implica-
tions. Perforations could be the cause of perivascular
ecchymosis clinically observed more frequently after
ELT compared to RFO. Moreover perivascular struc-
tures like skin nerves and fatty tissue could be affected.
Treatments resulting in incomplete circumferential de-
struction of vessel wall structures may allow regenera-
tion of the vein. Recanalisation after ELT has been
observed clinically with an incidence of 10e23%.22,23
Both authors conclude from their clinical analyses
that the recanalisation rate can be decreased byEur J Vasc Endovasc Surg Vol 32, September 2006
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in uneven application of light energy and necessitates
the use of greater energy to ensure sufficient destruc-
tion of the vein wall in order to prevent recanalisation.
This increases the likelihood of vein perforation.
For an improved understanding of the experimen-
tal findings and clinical experiences of ELT we inves-
tigated two simple theoretical models. For both
models the laser power for achieving 85 C was calcu-
lated, which was assumed to be necessary for occlu-
sion, corresponding with a temperature increase of
about 50 C according to the experience with radiofre-
quency. A pull-back velocity of the coaxially posi-
tioned laser fibre of 3 mm/s was selected. In the
first model it was assumed, that the light is absorbed
completely by the blood within the vein resulting in
a homogeneous temperature increase of the cylinder
of blood filling the vein. In the second model the
vein was assumed to be filled with clear water and
the light being absorbed only by the inner region of
the vein wall of a certain thickness. A thickness of
0.8 mm was assumed according to the optical penetra-
tion depth of the treatment light. The temperature in-
crease was assumed to be homogeneous in this vein
wall region. We expected that the real situation would
lie somewhere between these two models. The results
of this calculation for different vein diameters are
listed in Table 1. For realistic vein diameters the re-
quired power for the high blood absorption model is
much larger than in the wall absorption case. For
a non-coaxial fibre position with direct tissue contact
between the fibre and vein, the data for vein diameter
equal to the fibre diameter (about 0.5 mm) can be used
as a rough approximation. Calculation shows that
even for powers of less than 1 Watt at the fibre tip
the target temperatures can be achieved. This explains
the carbonisation and perforation of the vein wall ob-
served for powers of a few Watts. These theoretical
considerations suggest that reassessment of the treat-
ment parameters used currently may be required. It
may be advantageous to develop laser light applica-
tion systems which ensure a uniform circumferential
temperature rise to achieve a safe and irreversible
occlusion of the vein. The treatment model we have
Table 1. Light power to achieve 85 C for two simplified models of
only blood absorption (model 1) and only vein wall (model 2) tis-
sue absorption of light at a fibre withdrawal speed of 3 mm/sec
Vein diameter
[mm]
Model 1: required
light power for blood
absorption only [Watt]
Model 2: required
light power for tissue
absorption only [Watt]
0.5 0.1 0.8
5 12 7
12 70 17Eur J Vasc Endovasc Surg Vol 32, September 2006developed will be useful in developing future devices
for ELT.
Systematic histological examination after ELT espe-
cially with a stepwise illumination and pull-back pro-
tocol is difficult because the amount of demonstrated
thermal lesion is highly dependent on position of the
cross section. The difference of tissue alteration in the
centre of an exposure or between two exposures is
demonstrated in Fig. 7. For demonstration of histolog-
ical changes after ELT in our ex-vivo series (Fig. 6a
and b) we chose two representative cross sections
through the centre of an exposure. We are currently
evaluating Optical Coherence Tomography (OCT),
a new high resolution imaging method,24 as an addi-
tion to histological examination. We are using a proto-
type endovascular device providing high definition
cross sections of a vessel segments. Due to the contin-
uous spiral OCT scanning standardised and system-
atic evaluation of vessel segments without any gaps
is possible in adequate time. Results of this evaluation
will be published separately.
Radiofrequency treatment (RFO) in our ex-vivo
study showed neither pronounced localised damage
nor transmural thermal lesions of the vessel wall. Cir-
cular expansion of the vessel with the aid of electrodes
of radiofrequency probes and the temperature feed-
back mechanism with its computer controlled regula-
tion of the RF generator are factors which may
promote a circular homogenous distribution of ther-
mal energy, thereby avoiding a complete penetrating
wall lesion.
In conclusion, investigation of our model shows
that it is suitable for reproducible scientific evaluation
of endovenous thermal occlusion procedures and
treatment modifications. This is performed under
standardised conditions with assessment by macro-
scopic and histological criteria. This will allow us to
investigate the tissue effects of different laser wave
lengths and pull-back protocols. Our results and the-
oretical considerations suggest that improvements in
application of laser energy my lead to homogenous
circumferential thermal damage of wall layers, avoid-
ing incomplete ablation of parts of the vein as well as
vein wall perforation.
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